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WHAT IS CLAIMED IS: 



"Tr"-zM?^^:-soliihleJum^ semiconductor quantum dot, which comprises 

SX a core, a cap and a hydrophiUc attachment 



2. The water-soluble Ivumnescent semiconductor quantum dot of claim 1, 
^ wherein the hydrophilic attachment group is attached to said quantum dot via a sulfur 
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atom. 



3. The water-so lubrfe luminescent semiconductor quantum dot of claim 2, 
wherein said hydrophilic attachment group is an organic group comprising a sulfur 
atom and at least one hydrophilic substituent. 



15 4. The water-soluble lumMegcent semiconductor quantum dot of claim 3, 

wherein said hydrophilic substituent\s selected from the group consisting of a 
carboxylic acid or salt thereof, a sulfomc acid or salt thereof, a sulfamic acid or salt 
thereof, an amino substituent, a quatemary ammonium salt, and a hydroxy. 

5. The water-soliible luminescent semiconductor quantum dot of claim 3, 
wherein said organic group\s a Cj-Cg alkyl group or an aryl group. 



6. The water-soluble luminescent semiconductor quantum dot of clairn 3, 
wherein said organic group is a (\-C^ alkyl group. 



7. The water-soluble luminescent semiconductor quantum dot of claim 3, 
wherein said hydrophilic attachment group is a thiol carboxylic acid or thiol alcohol. 



8. The water-soluble Ijmiinescent semiconductor quantum dot of claim 7, 
wherein said hydrophilic attachm^it group is mercaptoacetic acid. 
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p. The water-soluble luminescent semiconductor quantum dot of claim 1 , 
wherein the core of the quantum dot is selected from the group consisting of IIB-VIB 
semiconductors, IHB-VB semiconductors, and IVB-IVB semiconductors and the size 
of the core is from about 1 nm to about 10 nm. 

7 , <■ 

The water-soluble luminescent semiconductor quantiun dot of claim 
\yherein the core of the quantum dot is selected from the group consisting of IIB-VIB 
semiconductors and the size of the core is from about 2 nm to about 5 nm. 

i 7 

10 yC, The water-soluble luminescent semiconductor quantum dot of claim K^, 

wherein the core of the quantum dot is CdS or CdSe. 

yi. The water-soluble luminescent semiconductor quantum dot of claim yi^ 



15 



wherein the core of the quantum dot is CdSe. 

y^. The water-soluble luminescent semiconductor quantum dot of claim yi^ 
wherein the size of the core is about 4.2 nm. 

The water-soluble luminescent semiconductor quantum dot of claim 1 , 
20 wherein the cap is selected from the group consisting of IIB-VIB semiconductors of 
high band gap. 

/J 

The water-soluble luminescent semiconductor quantum dot of claim^l^'. 
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wherein the cap is ZnS. 

y6. The water-soluble luminescent semiconductor quantum dot of claim 
wherein the cap is ZnS. 

yf. The water-soluble luminescent semiconductor quantum dot of claim 
30 wherein the cap is CdS. 
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The water-soluble luminescent quantum dot of claim yi, wherein the cap 



is CdS. 



19. A water-soluble luminescent semiconductor quantum dot, which 
5 comprises a CdSe core, a ZnSVap and a mercaptoacetic acid attachment group. 



20. The water-soluble luminescent semiconductor quantum dot of claim 19, 
wherein the CdSe core is about 4.2mm and the ZnS coating is about 1 nm. 



^ 

10 A composition comprising the water-soluble luminescent semiconductor 

quantum dot of claim 1 and an aqueous carrier. 



22. A composition dpmprising the water-soluble luminescent semiconductor 
quantum dot of claim 19 and an aqueous carrier. 
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23. A composition comprising the water-soluble luminescent semiconductor 
quantum dot of claim 20 and an aqueous, carrier. 



A conjugate comprising the water-soluble luminescent semiconductor 
20 quantum don^f claim 1 and a biomolecule, wherein the biomolecule is attached to the 

. ^ 

quantum dot via n^e hydrophilic attachment group. 



25. The conjugatcs^f claim 24, wherein the biomolecule is a protein or a 
fragment thereof. 
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26. The conjugate of claim 2S. wherein the protein or fragment thereof is an 
antibody or an antigenically reactive fnagment,.til^eof. 



27. The conjugate pf€laim 24, whereimthe biomolecule is a nucleic acid. 
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28. The conjugate of claim 24, wherein the bio 
hydrophilic attachment group via a linker. 



olecule is attached to the 
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29. A conjugate comprising the water-soluble luminescent semiconductor 
quantum d^t of claim 19 and a biomolecule. 



30. A conjugate comprising the water-soluble luminescent semiconductor 
quantum dot of claim 20 and a biomolecule. 



31 . The conjugate of claim 28, wherein the linker is a primary amine. 



10 



32. The conjugate of claim 2§^lierein the linker is streptavidin, neutravidin 



or biotin. 



33. The conjugate of claim 28. wKerein the linkenis a thiol group. 
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34. The conjugate of claim 28v^wherein said biomolecule is a single-stranded 
oligonucleotide comprising a stem an 1 loopj^tru^turCand wherein said hydrophilic 
attachment group is attached to one end of the single-stranded oligonucleotide and a 
quenching moiety is attached to'the^otlier end of the single-stranded oligonucleotide 
and said quenching moiety quenches said luminescent semiconductor quantum dot. 



35. A composition comprising the conjugate of claim 24 and an aqueous 



earner. 



36. A composition comprising the conjugate of\claim 29 and an aqueous 



25 earner. 



37. A composition comprising the conjugate of clainrGO and an aqueous 



earner. 



30 38. A method of obtaining a water-soluble luminescent sd^ic^gjdtfctor 

quantjim dot, which method comprises: 
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(a) reacting a luminescent semiconductor quantum dot in a nonpolar organic 
solveni with a first aqueous solution comprising an attachment group; 

(b) adding a^s^ond aqueous solution of about neutral pH and mixing; and 

(c) extracting an aqtieous layer, thereby obtaining a water-soluble luminescent 
semiconduetefquantum dot. 



39. The method W claim 38, wherein the nonpolar organic solvent is 
chloroform and the compound is mercaptoacetic acid. 

40. A method of making a conjugate comprising a water-soluble luminescent 
semiconductor quantum dot of claim 1 and a biomolecule, which method comprises: 

(a) contacting a water-soluble luminescent semiconductor quantum dot of 
claim 1 with a biomolecule, which can directly attach to the attachment 
group on the cap of the water-soluble luminescent semiconductor quantum 
dot; and 

(b) isolating tWe conjugate. 



41. The method orcl^ifTJO, wiferein said biomolecule is a protein or a 
fi"agment thereof or a nupleicVcid. 



42. The method of claim\j[5^^herein said attachinent group is mercaptoacetic 

acid. 



43. The method of claim 40^ wherein (^further comprises contacting the 
water-soluble luminescent semiconductor quantum dot and the biomolecule with a 



crosslinker. 
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44. A method of making a conjugate comprising a water-soluble luminescent 
semiconductor quantum dot of claim 1 and a biomolecule, which method comprises: 
(a) contacting a water-soluble luminescent semiconductor quantum dot of 
claim 1 with (i) a linker, an intermediate crosslinker or a bifunctional 

. \ . . 

^ molecule, and then (ii) a biomolecule, which canJjidir^^ attach to the 
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attachment g^^up on the cap of the water-soluble luminescent 
semiconductorx quantum dot; and 
(b) isolating the conjugate. 



45. The method of cla^ 44, wherein said biomolecule is a protein or a 
fragment thereof or a nucleic acid. 



46. The method of claim 44, wherein said attachment group is mercaptoacetic 



acid. 



47. The method of claim 46, wherein said linker is streptavidin, neutravidin or 



biotin. 



48. A method of making a conjugate compri^sing a water-soluble luminescent 



15 semiconductor quantum dot of claim 



1 aiid/a blomoleculerNvhich method comprises: 

(a) contacting a biomolecule with 1^) a linker, ^iJntermediate crosslinker or a 
biflinctional molecule, and then (iij a water-soluble luminescent 
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semiconductor quantum dot of claimVl'; and 

(b) isolating the conjugate. 




49. The method of^laim 48, wherein said biomolecule is a protein or a 
fragment thereof or a nucleic acid. 



50. The method of claim 49, wherein said attachment group is mercaptoacetic 



25 acid. 



51. The method of claim 50, wherein said linker is streptavidin, neutravidin or 



biotin. 
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52. A method of detecting a protein in a sampleA which method comprises: 
(a) contacting the sample with a conjugate of claim 24, wherein the 
biomolecule of the conjugate specifically binds\to the protein; and 
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(b) detectir^ luminescence, wherein the detection of luminescence indicates 
that the conjugate bound to the protein in the sample. 



53. The method of claim 52, wherein the biomolecule of the conjugate is a 
5 protein or a fragment thereof. 



54. The method of^laim 53, wherein the biomolecule of the conjugate is an 
antibody or an antigenicallyVeactive fragment thereof and the protein in the sample is 
an antigen or an epitope therebf that is bound by the antibody or the antigenically 
10 reactive fragment thereof 



55. The method of claim S4rwherfein the antigen or the epitope thereof is viral 



or bacterial. 




15 56. The method of claim 53, whei ein the biomolecule oyf the conjugate is an 

antigen or an epitope thereof and the protein in the sample is an antibody or an 



^thatbi: ^ 



antigenically reactive fragment thereof that binds to the antigen or epitope thereof. 



57. The method of claim 56, wherp\n the antibody or the antigenically 
20 reactive fragment thereof is specific for a 
of a bacterium. 




ihis, a bacterium, a part of a virus, or a part 



58. The method of claim 52, wherein thq biomolecule of the conjugate is a 
nucleic acid. 



59. A method of detecting a nucleic acid in a sample, which method 
comprises: 

(a) contacting the sample with a conjugate o*f c^aim 24, wherein the 

biomolecule of the conjugate specifically binds to the nucleic acid; and 
30 (b) detecting luminescence, wherein the detection of luminescence indicates 

that the conjugate bound to the nucleic acid in the sample. 
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do. The method of claim 59, wherein the biomolecule is a nucleic acid. 



\ 



\ 

61 . The method of claim 59, wherein the biomolecule is a protein or a 
fragment thereof. 



62. A metho<d of detecting a nucleic acid in a sample, which method 



comprises: 
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(a) contacting the\sample with a conjugate of claim 34, wherein said loop 
comprises a probe sequence that binds to a target sequence in said nucleic 
acid, whereupon the conjugate undergoes a conformational change that forces 
the stem to open, thereby spp^^ating thequantum dot moiety and the 
quenching moiety; an< 

(b) detecting lumine\scence\^h|rein th^^^etgetioii^o^^ indicates 
that the conjugate bound to the nucleic^acid in the sample. 
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63. A method of detecting a nucleic acid in a sample/ which method 



composes: 



(a) contacting a sample comprising\a first^sin;^e-stranded nucleic acid with a 
solid support to which is attached\a second single-stranded nucleic acid 
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that can bind to said first single-stramded nucleic acid; and 

(b) contacting said solid support with a conjugate of claim 27, in which the 
biomolecule is a third single-stranded nucleic acid that specifically binds 
to the first-single stranded nucleic acid m a region other than that which is 
bound by the second single-stranded nucleic acid, and 

(c) detecting luminescence, wherein the detection of luminescence indicates 
that the third single-stranded nucleic acid oftthe conjugate bound to the 
first single-stranded nucleic acid in the sampli 



30 



64. A method of detecting a nucleic acid in a sampl 
comprises: 



which method 
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(a) ahaching a nucleic acid capture probe to a solid support, wherein said 
nu\eic acid capture probe comprises a sequence that binds to the nucleic 
acid in the sample; 

(b) contacting the attached nucleic acid capture probe with said sample, 
thereby immobiHzing said nucleic acid on the soUd support; 

(c) contacting^e immobilized nucleic acid with a conjugate of claim 27, 
wherein the Ijiomolecule of the conjugate specifically binds to the nucleic 
acid; and 

(d) detecting luminescence, wherein the detection of luminescence indicates 
that the conjugate b^und to the nucleic acid in the sample. 




65. A method of simulraneoVisly detecting either two or more different 
molecules and/or two^or more r^gioi[s of a gi\^en molecule in a sample, which method 
comprises: V 




(a) contacting the sample wim two or more conjugates of claim 24, wherein 
each of the two or more conjugates comprises a quantum dot of a different 
size or composition and a |)iomolecule^that specifically binds to a different 
molecule or a different regnok^ta^'given molecule in said sample; and 

(b) detecting luminescence, wn^ein the detection of luminescence of a given 
color is indicative of a'^conjugatb binding to a molecule in said sample. 



66. The method of claim 65, where^in said sample comprises two or more 
different proteins or fragments thereof. 



67. The method of claim 65, wherein s^d sample comprises two or more 
different nucleic acids. 



68. The method of claim 65, wherein said sample comprises at least one 
nucleic acid and at least one protein or fragment thereof. 



